ABSTRACT
INTRODUCTION
Stability is always the important issue in today's modern power system. Power system stability may be broadly defined as that property of power system that enables it to remain in a state of operating equilibrium under normal operating conditions and to regain an acceptable state of equilibrium after being subjected to a disturbance [1] . This paper concentrates the rotor angle on analyzing transient stability. Rotor angle stability is the ability of interconnected synchronous machines of power systems to remain in synchronism. As FACTS devices are capable of controlling the power flow in very fast manner, they can improve transient stability.
The paper is recognized as follows: Models of power system components and FACTS devices' models are represented in section 2. Section 3 discusses about models of power systems having SVC and TCSC. The mathematical model of power system having SVC and/or TCSC is presented in section 4. The simulation results in section 5 prove that FACTS devices used in power system are possibility of improving transient stability.
MODELS OF POWER SYSTEMS COMPONENTS AND FACTS DEVICES

Synchronous generator model
In this paper, the synchronous generator is represented by fifth-order model in the d-q axes having the rotor frame of reference [2] . As excitation systems of synchronous generators play an vital role in their operation and can affect the systems dynamic response, it is necessary to model the excitation systems accurately in transient stability analysis. The inputs comprise the terminal voltage magnitude, its reference value and supplementary signal from power system stabilizer (PSS). The output of excitation is the field voltage. The excitation system dynamics can be represented by the set of first-order differential equation as follows [3, 4] .
 
re f e e e e s e P S S e s Governor is responsible for sensing the speed deviations in rotor, and then adjusting the mechanical power from the prime-mover to reduce speed deviations. Accurate modelling of the prime mover and governor which control the input mechanical power to the synchronous generator and the rotor speed is very important, especially in the stability studies. The inputs comprise the machine speed, its reference value and the initial power. The output is the machine power. The first-order differential equation set for describing the dynamics of the prime-mover and governor controller can be arranged in the following form [3, 4] . 
Power System Stabiliser (PSS)
The PSS has been the most common stabilizer to damp out oscillations. The machine speed, terminal frequency and power can be used as the input signals to the PSS. Figure 1 shows the general structure of a PSS [5] . Here, the rotor speed is used for the PSS input. The PSS output is added to the exciter voltage error signal and served as a supplementary signal. The differential equation set for representing the PSS controller can be arranged in the following form.
x is the vector of state variables of the PSS; p A and p C are matrices the elements of which depend on the gains and time constants of the PSS controller.
Supplementary Damping Controller (SDC) model
Block diagram of the SDC is shown in figure  2 [6, 7, 8, 9, 10] . The SDC block provides a modulation for power oscillation damping or small-disturbance stability improvement control. The SDC block contains a gain, a washout, leadlag blocks and limiter. Many different power system quantities have been proposed or used for the input signal to the SDC. They include voltage phase angle, frequency, line current and active power flow. The principal SDC function is to improve the inter-area mode damping. As there is a strong interaction between active power and electromechanical oscillations, the use of active power flow input appears to be most common one, which is also used in this paper. 
Static Var Compensator (SVC) model
SVC has been in use since the early 1960s. In addition to the main function of voltage or reactive power control, SVC can provide auxiliary control of active power flow through a transmission line. The possibility of controlling the transmittable power implies the potential application of this device for improving stability in power system. Block diagram form the control system of SVC used in this paper is shown in figure 3 [6, 11] . 
Where s x is the state vector for the SVC; S A , S B , S C and S D are matrices the elements of which depend on the gains and time constants of the controller.
Thyristor-Controlled Series Capacitor (TCSC) model
The series counterpart of the shunt-connected SVC is a TCSC, which is connected in series with transmission line. TCSC was introduced in 1986. TCSC is a FACTS device that can provide fast and continuous changes of transmission line impedance, and can regulate power flow in the line. The possibility of controlling the transmittable power also implies the potential application of this device for the improvement of power system stability [12, 13, 14] . Figure 4 is shown in block diagram form the control system of TCSC [7, 8, 9, 13] . state equations for SVC can be arranged as follows:
Where t x is the state vector for the TCSC; t A , t B , t C , t D , t E are matrices the elements of which depend on the gains and time constants of TCSC.
Section 2 has the focus on models for individual components in power system such as synchronous generator, PSS, SDC, SVC, and TCSC.
POWER SYSTEM HAVING FACTS DEVICES
Section 3 presents models of power systems having each of FACTS devices.
Power system model
NB-node power system is considered in this paper. It is to be assumed that NG generators are connected to the power system. The network nodal current vector and voltage vector are related as follows:  I YV (8) In general, all of the quantities in (8) are complex numbers. Separating (8) into real and imaginary parts and rearrange:
Where S is set of generator nodes; L is set of non-generator nodes.
Based on (10), the following equations are obtained: Complete power system model need following algebraic equation. Equation (15) is relationship between the stato current vector and the stator voltage vector.
Algebraic Equations (13), (14) and (15) 
Power system with SVCs model
Power system with NS SVCs is considered in this section. In D-Q frame, the network model for power system with SVCs can be described by: 
Algebraic Equations (13), (15) and (18) are described power system with SVCs. These equations contain non-state variables.
Power system with TCSCs model
Power system with NT TCSCs is discussed in this section. In D-Q frame, the network model for power system with TCSCs can be described by:
As each TCSC is connected in series with the transmission line, the TCSC reactance augment both the diagonal and off-diagonal of the network nodal admittance matrix for nodes which are connected to TCSC. FT Y is also separated into real and imaginary parts [15] .
Based on (19), the following equation is obtained: 
Algebraic Equations (13), (15) and (21) are described power system having TCSCs. These equations contain non-state variables.
THE SET OF DIFFERENTIAL -ALGEBRAIC EQUATIONS (DAES)
Case 1
Case 1 considers the two-generator power system with or without FACTS devices as figure  5 . The shunt FACTS device SVC is equipped at bus 4 while TCSC is connected between bus 3 and bus 4. The disturbance is a three phases fault at bus 3. The fault is initiated at time t = 0.5 s and the fault clearing time is 0.2 s. Figure 6 and figure 7 show the transient of power sytem. It can be observed that if properly used FACTS devices, both SVC and TCSC can improve power system stability.
Case 2
Disturbances such as three phases fault or a switching of line are discussed in case 2 as figure  8 . The series FACTS device TCSC is equiped between bus 5 and bus 2 and the shunt FACTS device SVC is equieped at bus 4. The three phases fault is initiated at bus 5 at time t = 0.0 s, and the clearing time fault is 0.2 s. From results in figures 6-7 and figures 9-10, it can be seen that, FACTS devices are capable of improving power system stability. Relative rotor angles of the power system having FACTS devices recover faster than those of the power system without FACTS devices.
CONCLUSION
In this paper, the power system stability enhancement of two-generator power system by SVC and TCSC is considered. The transient of rotor angles is compared with or without the present of FACTS devices in power system in the event of a three phases fault or switching of lines. The above simulation results of rotor angles demonstrate the effectiveness and robustness of proposed the SVC and TCSC on transient stability enhancement of power systems.
Ứng dụng các thiết bị FACTS cải thiện ổn định động trong hệ thống điện 
